Background: There is much interest in the possibility that perinatal factors may influence the risk of disease in later life. We investigated the influence of maternal and perinatal factors on subsequent hospital admission for asthma in children.
Background
Asthma is characterised by widespread reversible narrowing of the bronchioles leading to dyspnoea, cough and wheezing. In some cases it may be brought on by exposure to a particular, identified allergen but in many cases there is no single identified causal factor. Much is still unknown about its aetiology or about factors associated with susceptibility to it. With high prevalence of asthma across the developed world [1] , there is a continued need for research into potential risk factors.
Previously documented risk factors for asthma include maternal asthma [2, 3] , maternal smoking, [2, 4] low birth weight and short gestational age [2, [5] [6] [7] . It has also been suggested that caesarean delivery may increase the risk [8] , and that breastfeeding may reduce the risk, of asthma in the child [9] . Studies into the risk of asthma associated with some other perinatal factors and maternal characteristics have been inconclusive.
The aims of this study were to investigate associations between maternal and perinatal risk factors and the subsequent hospitalisation for asthma in the child. We used record linkage data from a large geographically defined English population. We report findings for 4 017 children with a history of hospital admission or day case care for asthma, compared with 244 595 children with no such history.
Methods
We used the dataset of the Oxford record linkage study (ORLS). The ORLS includes hospital inpatient records (including admissions for inpatient day case care) in an area of South East England. Standard data collectiondata very similar to the Hospital Episode Statistics collected elsewhere in England -was undertaken in two health districts of Oxfordshire and West Berkshire from 1963 to 1999 (population 0.9 million in 1999) and, from 1975 to 1999, it covered a further four adjacent districts (total population 1.9 million). A specialist data collection system for maternity -used as the basis of this studycovered all births in National Health Service (NHS) hospitals in Oxfordshire and West Berkshire from 1970 to 1989.
The maternity data from 1970-1989 were abstracted from maternity records by clerical staff who were trained by senior medical staff at the ORLS. The records of each mother and her baby were routinely linked by the use of unique numbers for each mother and each baby that were assigned to both the baby's and the mother's record. Detailed data collection on maternities in the ORLS area stopped in 1989 following government reforms to increase the uniformity of NHS data collection systems. Data collection for general hospital admissions in the ORLS area continued but, with further changes to NHS information systems in 1999, it is not possible to link pre-and post-1999 ORLS data.
We identified cases of asthma in children and their mothers, from hospital admission records, using ICD (International Classification of Diseases) codes 493 in the 8 th and 9 th revisions, and J45 and J46 in ICD-10. We analysed the data for children of all ages together; and we also subdivided the analysis by age into those who were first admitted with asthma under the age of 2 years, first admitted aged 2-10 years and aged over 11 years. We studied those first admitted under 2 years separately because a diagnosis of asthma made in this age group is sometimes less certain than that made in older children; and because possible influences of perinatal factors on true asthma may be more evident in those diagnosed young. We studied those aged 11 and over because, given that there are only ten years of 'follow up' for the youngest children, we wanted to be sure that differences in duration of 'follow up' had little or no effect in our findings. They did not, and so for brevity we do not present findings separately on those aged 11 and over.
The variable 'social class' is occupation-based social class. It was coded, at the original time of data collection and coding, based on the occupation of the head of household (for a child), the occupation of the patient if an adult male, the occupation of the husband of a married woman, or the woman's own occupation if a single woman. This was the standard practice used at the time in the English national decennial census run by the Office of Population Censuses and Surveys (OPCS). The ORLS staff collected the data in the same way and coded occupational data and its associated social class according to the occupational coding manual of the OPCS. The standard social classes have the summary terminology of: I Professional, II Managerial, III Skilled manual and non-manual workers, IV Partly skilled, V Unskilled. Thus, in socio-demographic status, they range from I at the top of the hierarchy to V at the bottom.
There were 253 021 pregnancies with a maternity record in the ORLS from 1970-1989. Of these, we excluded 985 that were recorded as having ended in abortion, 1 560 stillbirths and 1 566 neonatal deaths. We also excluded 289 maternities in which the birth weight was recorded as less than 1000 grams because many of these records had implausibly low values and/ or considerable missing data for some of the other variables. After applying these exclusion criteria, there were 248 612 children in the study population.
Initial analyses were undertaken on fine groupings of the maternal and perinatal variables and, following scrutiny, broader groupings -as shown in the tables -were selected for further analysis. Some of the variablesmaternal smoking, social class and breastfeeding -were not recorded in the first five years covered by this study.
The significance of univariate associations was tested using chi-square tests. When using logistic regression for multivariate modelling, all variables that were significant (p < 0.05) in the univariate analysis were included in the initial model and the variables that were not significant were removed. In further modelling, each variable that was not significant in univariate analysis was re-introduced, one at a time, into the model. The purpose of this was to test whether any variable, not significant in univariate analysis, became so when modelled with the other significant variables.
Approval for the research programme of the Unit of Health-Care Epidemiology using the anonymised dataset of the Oxford Record Linkage Study has been obtained from the Central and South Bristol Research Ethics Committee (04/Q2006/176).
Results
There were 248 612 births in the study. Of these, 4 017 children had a subsequent hospital admission or hospital-based day case care for asthma. Of the 4 017, 535 (13.3%) had a record of first admission aged under two years of age, 2 793 (69.5%) at 2-10 and 689 (17.2%) at the age of 11 or over (Table 1) . 62.6% of those with asthma were males ( Table 1) .
The cumulative incidence of hospitalised asthma, overall, was 1.62% of all children; and the cumulative incidence by the age of ten years was 1.34%. Asthma was more common in children born in later birth cohorts. The percentages of children with asthma aged 2 or less, in each successive five-year period from 1970-4 to 1985-9, were 0.03%, 0.07%, 0.21% and 0.55%. The respective percentages for asthma aged 2 and over, in the four consecutive periods, were 1.07%, 1.47%, 1.69% and 1.43%.
Incidence of hospitalised asthma associated with each factor: Table 2 Maternal asthma was a risk factor for asthma in the child in both broad age groups: 9% of the children with asthma under 2, 8% of those aged 2 and over, and 2% with no record of asthma, had mothers with a record of hospital admission for asthma (Table 2) . Low social class, unmarried motherhood, maternal smoking in pregnancy, short gestational age, low birth weight, caesarean delivery, and male sex were all significant predictors of asthma in the child, both in those with a first admission aged under 2 and in those first admitted at an older age ( Table 2) . A significant but modest effect was also found for maternal age (slightly elevated for children of mothers aged under 25 or aged 35 and over). Details of the risk factors in the individual age groups are shown in Table 2 . Factors significantly associated with asthma, but only in those under 2, were being first-born (which was protective: 36% of those with an admission for asthma under 2 were first born, compared with 41% of those aged 2 or over and 42% of those without asthma); forceps delivery; and being breastfed at the time of leaving hospital. Maternal age and Apgar 1 were significantly associated with asthma in those aged 2 and over but not in those younger.
In addition, to address the issue that there may be greater diagnostic uncertainty with a diagnosis of asthma in people aged under 6 years than at 6 and over, we analysed the risk factors in those aged 6 and over at hospital admission. Risk factors in people admitted at 6 and over (see Additional file 2) were similar to those in people admitted at age 2 and over. Factors significantly associated with asthma in people aged 6 and over, in univariate analysis, were maternal asthma, maternal age (asthma less common in children of mothers aged 25-34 than mothers who were younger or older), low social class, maternal smoking in pregnancy, short gestational age, caesarean delivery and male sex.
Many of the perinatal factors were themselves interrelated (e.g. maternal age, social class, maternal smoking, birth weight). In the multivariate model (Table 3) , the factors that were associated with a high risk of asthma, after taking account of all other significant factors in the model (which included year of birth), were maternal asthma (OR 3.1; 95% confidence interval 2.7-3.6; Table 3 ), male sex (1.8; 1.7-2.0), and low birth weight (1000-2999 g versus 3000-3999 g, 1.2; 1.1-1.3); and high social class was protective (1 and 2, compared with 3, 0.8; 0.7-0.9). Each of these effects was stronger in those first admitted when under 2 years of age than in those who were older. Factors associated with asthma but only in those under 2 years were maternal smoking during pregnancy (1.35 1.04-1.74), short gestational age after allowing for low birth weight (24-37 weeks versus 38-41 wks, 1.6; 1.2-2.2), and previous children (e.g. 1 versus 0, 1.3; 1.0-1.7). Caesarean section was significantly associated with asthma overall, in multivariate analysis, but was not significant in either age group individually. The division into age groups does, of course, reduce the numbers and therefore the statistical power in each individual age group.
In the multivariate model for children admitted to hospital with asthma when aged 6 or older, the factors associated with a high risk of asthma were similar to those for the overall model: significant associations were found with maternal asthma (OR 3.8; 3.1-4.7), age of mother (under 25 at birth, compared with 25-34 at birth, OR 1.16; 1.03-1.31; over 35 at birth, compared with 25-34 at birth, OR 1.4; 1.1-1.7); and high social class was protective (1 and 2, compared with 3, 0.7; 0.6-0.8). Hospital admissions for asthma in people aged over six was more common in males than females (1.4; 1.2-1.5); but, by the teenage years, the sex ratio reversed (Table 1) and admission was more common in females than males.
Discussion
A major strength of this analysis is that it was undertaken in a large, defined population that covered over 30 years of data collection and almost a quarter of a million births. Another important strength is that information about perinatal risk factors and about the main outcome measure -asthma in the child -were originally recorded and collected independently of one another. They were subsequently brought together by record linkage. This means that data about each risk factor could not have been influenced by the presence or absence of the outcome measure. The study is therefore not subject to potential biases, such as interviewer and recall bias, that can affect interview-based case control studies. We also hope that the addition of this large study to the literature will be helpful to future researchers, interested in summarising studies on perinatal factors and asthma, who may seek data for meta-analysis. Our age groups are those at first admission; and it is likely that some of the first admissions at older ages were for children who already had asthma, without hospitalisation, at a younger age. We were not able to identify data about resident children who may have been admitted to hospital outside the ORLS area or about children who were admitted with asthma after moving All variables that were significant (p < 0.05) in the univariate analysis (see Table 2 ) were included in the initial model and the variables that were not significant were removed. In further modelling, each variable that was not significant in univariate analysis was re-introduced, one at a time, into the model. The purpose of this was to test whether any variable, not significant in univariate analysis, became so when modelled with the other significant variables.
home to outside the ORLS area. Another limitation of our data is that it is confined to hospital admission and day case care for asthma. In general, this means that our findings are likely to be relevant to those whose asthma is severe enough to warrant hospital admission at least once. The possibility of bias through selective referral to hospital must also be considered. It is possible, for example, that some of the effects shown by us are associations with thresholds for admission for asthma as well as (or instead of) associations with asthma itself. However, our findings are generally similar to those reported recently in a large record linkage study from Finland that was not confined to hospitalisation data [2] . In the Finnish study, children and mothers with asthma were identified from prescription data for anti-asthmatic drugs rather than from hospital records. They reported on children with asthma under the age of 3 years. Comparing their findings with ours on children under 2, the Finnish study showed an odds ratio for maternal asthma of 3.41 (ours was 3.89), that 64% of the children with asthma were male (our figure was 63%), an odds ratio with maternal smoking in pregnancy of 1.35 (ours was 1.33), and both they and we found an association between elevated rates of asthma and birth by caesarian section, and a protective association with being first-born, normal gestational age and normal vaginal delivery. The finding on maternal asthma adds to the evidence that there is a familial predisposition to asthma in children of those with asthma [2, 3, 10] . It is possible that maternal asthma may lead to reduced oxygenation of the foetus during development, which in turn may affect asthma development in the child [11] . It is also likely, of course, that some of the familial association reflects genetic factors affecting asthma risk. It is conceivable that mothers with asthma may be more likely than others to seek hospital admission for children with symptoms of asthma though, whilst this might have affected our study, it could not have influenced the Finnish result [2] . Shared environmental factors between mother and child would also play a role in the family association.
Our finding on the risk of maternal smoking for asthma in young children is consistent with similar studies performed in Finland and Sweden [2, 12] . Most studies [4, 10, 13] but not all [14] have reported maternal smoking as a risk factor for childhood asthma. Our data only cover smoking in pregnancy. We cannot distinguish between any effect on the foetus and any effect on the child of mothers whose smoking continued after birth.
The increase in asthma across the birth cohorts of the 1970s and 1980s adds further weight to the now well established evidence that the incidence of asthma increased in children from the 1970s through the 1980s [15] .
An association with low birth weight has been reported in most previous studies on perinatal risk factors for asthma [2, 4, 5, 10, 16] . Most previous studies have found low birth weight and/or short gestational age to be risk factors for asthma [2, 4, 5, 7, 10, 12, 16] .
The reporting of an effect of older siblings on the risk of asthma varies from study to study. We found an increased risk of asthma in young children with older siblings (using parity of the mother as a proxy for having older siblings), as have others [2, 12, 17] .
Our study adds to the evidence that there may be a link between caesarean delivery and an increased risk of asthma in young children [8] . Although we cannot distinguish between planned and emergency caesarean section, both were associated with a higher risk of asthma in children under the age of three in the Finnish study [2] . Caesarean delivery has been shown to alter and delay the development of certain intestinal bacterial flora, compared to vaginal delivery. This may affect the risk of atopic disease in children by altering immune development [8, 18] . Delayed removal of amniotic fluid from the lungs of babies born by caesarean delivery, as compared with removal in the course of vaginal delivery, may also be important [18] . The possibility that caesarian section may increase the risk of asthma in young children, if confirmed, is a reason for discouraging caesarian section unless clinically necessary.
Admission for asthma was less common in children in high social class families than in others. We cannot distinguish between a direct association between class and asthma or whether children in higher social classes are less likely than others to be admitted to hospital with similar severity of symptoms. However, the difference found was between social classes 1 and 2, on the one hand, and 3, 4 and 5, on the other; and social class 3 is a large group of the population (45% of all children in Table 2 ). Any decision to admit a child for social reasons, when a child with similar symptoms would normally be treated at home, is likely to be associated with a greater extreme of low socio-economic status than that of a typical social class 3 (or 4) family. We incline to the interpretation that severe asthma may indeed have been a little less common in social classes 1 and 2.
The negative association we found between breastfeeding and subsequent asthma in very young children did not remain significant after multivariate analysis. Although a meta-analysis has reported a decreased risk of asthma in young children who were exclusively breastfed for the first 3 months of life [9] , the evidence does not seem conclusive [19, 20] . The effect of breastfeeding remains uncertain and is likely to depend on duration of breastfeeding which we could not identify.
Conclusions
Our study adds to the evidence that the following factors have significant and independent effects on the risk of asthma: maternal asthma, male sex in childhood, low birth weight and short gestational age, maternal smoking, delivery by caesarean section, and having older siblings. The study also demonstrates the utility of using routinely collected health data, with data linkage, for studying potential perinatal risk factors for diseases in the child.
Additional file 1: Number of asthma cases by age at admission (0-1, and 2+). Numbers on which the percentages in Table 2 
